(D) Wild-type eye-antennal disc complex (e, eye disc; a, antennal disc). (E and F) Cells in so 3 (E) and eya clift1 (F) mutant clones (arrows) do not differentiate into neurons as assessed using the neuron-specific antiElav antibody. As visualized by Nomarski optics from the apical surface, overproliferation is seen as additional folds in the epithelium (small arrowheads).
for MF initiation and neuronal development, but not for Results MF propagation . Molecular epistasis studies suggest that dac acts downstream of dpp so and eya Function at Multiple Steps and ey Shen and Mardon, 1997;  in Eye Development Pignoni and Zipursky, 1997) .
That so and eya are continuously expressed in the eye As a step toward further dissecting the genetic prodisc from early steps in patterning to neuronal differentigram regulating eye specification, we have explored the ation suggested that these genes might function at mulrole of so and eya in eye development. Prior to MF tiple steps in development. so and eya activities were initiation, both genes are expressed along the posterior assessed at different developmental stages using (1) and lateral edges and at decreasing levels toward the eye-specific alleles, (2) mitotic recombination to induce central region of the disc. During MF propagation, eya homozygous mutant cells at different stages of developand so remain expressed anterior to, within, and postement, and (3) selective temporal and spatial expression rior to the MF. Defects in neuronal development and of so and eya transgenes to rescue mutant phenotypes. massive cell death in the developing eye have been so and eya Regulate Growth reported for both so and eya mutants (Bonini et al., 1993;  Patches of cells homozygous for either the null so 3 muta- Cheyette et al., 1994) . In this paper we demonstrate that tion or the strong loss-of-function eya clift1 allele (i.e., muso and eya play a key role in eye specification, regulating tant clones) were produced by mitotic recombination. multiple steps including cell proliferation in the undifferClones were induced at an early stage of development entiated epithelium, MF initiation and propagation, and in an otherwise wild-type eye disc. so 3 and eya clift1 mutant neuronal development. Genetic and molecular studies cells overproliferate and fail to differentiate into neurons indicate that these genes function together. 1E, and 1F) . Mutant clones retain their epipression reprograms other imaginal discs to form ecthelial organization and lead to abnormal folding of the topic eyes, and So and Eya directly interact through disc. Cells in these clones subsequently die (data not evolutionarily conserved domains. We propose that So shown).
In the eye disc, as in many other tissues, differentiaand Eya and, by extension, their mammalian homologs, function as transcription factor complexes in an evolution is accompanied by the cessation of cell proliferation. Indeed, all cells arrest in G1 in the MF. Thus, overtionarily conserved program of eye development. The extensive cross-regulation between eye-specification growth could result from a failure of cells to arrest in G1 and differentiate. Overgrowth of so 3 and eya clift1 mutant genes at the level of transcription (ey, dac, so, and eya) and direct protein-protein interactions (Eya/So, this clones, however, is observed prior to the coordinated G1 arrest (data not shown). Hence, this phenotype reflects a paper; Dac/Eya, Chen et al., 1997 [this issue of Cell]) argues that a network of interacting genes controls eye loss of proliferation control in the undifferentiated epithelium. Alterations in proliferation do not appear to be tissue specification. MF initiation does not occur in so 3 (B) and eya clift1 (see Figure 1F ) clones encompassing the margins or in so 1 and eya 2 discs (Bonini et al., 1993; Cheyette et al., 1994) . The expression of ey and the MF-initiation markers dpplacZ and Dac were assessed in so 3 and eya clift1 mutant clones and so 1 and eya 2 discs. See Experimental Procedure for generation and analysis of mutant clones. The insets in the upper right-hand corner of (B), (D), and (E) show the expected pattern of dpp (B and E) and Dac (D and E) expression in discs bearing so or eya mutant clones if these markers were expressed in the mutant tissue (see Mardon et al., 1994) ; the expression patterns would appear as a combination of the late/MF propagation (i.e., within the wild-type regions of the disc) and the early/MF-initiation patterns (i.e., within the mutant clones). The color code roughly matches the markers used. (A) Wild-type third instar eye-antennal disc stained for Elav (brown) to visualize the developing ommatidial array and for dpp-lacZ (blue). Inset: Robust dpp-lacZ expression is observed along the posterior and lateral margins in early third instar discs prior to MF initiation. (B) dpp-lacZ expression at the posterior margin is disrupted by an so 3 mutant clone marked by the absence of Elav staining (arrows). (C) Wild-type mid-third instar eye-antennal disc stained for Dac (brown) and for the dpplacZ reporter (blue). Inset: Dac is expressed along the posterior and lateral margins in early third instar discs prior to MF initiation. (D) A so 3 mutant clone along the lateral margin (dotted line). The clone is marked by the absence of a constitutive lacZ marker (see Figure 1 and Experimental Procedures) and does not express detectable levels of Dac. (E) An eya clift1 clone along the posterior margin (dotted line) does not express detectable levels of dpp-lacZ (blue) or Dac (brown). Owing to the position of the mutant clone splitting the eye field, a second MF (asterisk) propagates from the dorsal margin toward the center of the disc. (F) so 1 mutant disc stained for Dac (brown) and dpp-lacZ (blue). The disc was overstained to detect low levels of Dac expression in the eye disc. If dpp and Dac were expressed as in wild type, overlapping patterns of blue and brown staining would appear along the posterior and lateral margins of the disc as shown in the inset in the upper right corner. Dac expression is lower than normal, and dpp-lacZ is not detectable in the eye disc (arrow), whereas neither marker is affected in the antennal disc (arrowhead). Lower right inset: dpp-lacZ expression is patchy in early third instar so 1 discs (compare to wild-type disc shown in inset [A]). (G-I) Eye-antennal discs stained for ey expression using in situ hybridization. Robust expression is seen in the region anterior to the MF (arrowhead) in wild-type (G) and throughout so 1 (H) and eya 2 (I) mutant discs. Scale bars, 25 m (A-F, H, I) and 35 m (G). a consequence of a change in identity since mutant cells cell death. Similarly, eya clift1 mutant clones overgrow (Figure 1F) , whereas eya 2 discs show a phenotype identical in the undifferentiated region of the epithelium express ey, a marker for eye disc identity (see Figure 3G) .
to so 1 (Bonini et al., 1993) ; mutant clones of eya 2 were not analyzed. Hence, the phenotypes of so 3 , eya clift1 , and We previously reported that in discs entirely mutant for the eye-specific so 1 allele, neuronal differentiation so 1 mutant clones suggest that the cell death in so 1 and eya 2 is a secondary consequence of defects in developwas blocked and massive cell death was observed. Overproliferation was not seen (Cheyette et al., 1994) . ment rather than reflecting a direct role for these genes in controlling cell death. In conclusion, both so and eya To address the discrepancy between the so 1 and so 3 data, we assessed the phenotype of so 1 homozygous play a role in controlling proliferation in the eye primordium and may therefore contribute to regulating the size clones ( Figure 1C) . As with the null mutant clones, massive overgrowth was observed, which was followed by of the disc. (A) UAS-lacZ expression driven by dpp-GAL4 in early (inset) and mid-third instar discs. The position of the MF is marked by an arrowhead. Note that, in contrast to dpp-lacZ (Figure 2A) , dpp-GAL4 expression remains in the posterior and lateral regions during MF propagation. The reason for this discrepancy is not known (Chanut and Heberlein, 1997) . (B) Development of the neuronal array is rescued along the posterior and lateral but not the anterior regions of an so 1 mutant disc by dpp-GAL4-driven so expression. Ommatidial differentiation was assessed by the neuronspecific MAb22C10 staining. The arrowhead indicates the position of the MF. Differentiation is seen in less than 5% of so 1 discs without the so transgene (Cheyette et al., 1994 ; data not shown). (C) Wild-type adult eye as seen using scanning electron microscopy (SEM). Thirty-two to 34 vertical columns of ommatidia can be counted across the eye from posterior to anterior (Wolff and Ready, 1993) . so and eya Are Required for MF Initiation shown) and along the posterior margin encompassed by so 3 and eya clift1 clones (Figures 2D and 2E) . dpp ex-MF initiation does not occur in so 3 and eya clift1 mutant clones ( Figure 2B and 1F) or in so 1 and eya 2 mutant discs pression was not detected in mutant clones or in mutant third instar discs (Figures 2B, 2E, and 2F; data not (Bonini et al., 1993; Cheyette et al., 1994) . To examine further the role of so and eya in MF initiation, we asshown). A low level of dpp expression, however, was detected in second instar so 1 and eya 2 discs (see lower sessed the expression of dpp, dac, and ey in mutant discs. In wild-type discs, dpp and dac are expressed right inset in Figure 2F ; data not shown). In contrast to Dac and dpp, ey mRNA is expressed at high levels in along the posterior and lateral edges of the disc prior to MF initiation (Blackman et al., 1991; Mardon et al., third instar so 1 and eya 2 discs ( Figures 2H and 2I ). In conclusion, both so and eya are required for MF initiation 1994). During MF propagation, these genes are expressed in the advancing MF. Dac expression was asand play similar roles in this process. so and eya Are Required for MF Propagation sessed by antibody staining ( Figure 2C ), and dpp expression was visualized using a dpp-lacZ reporter To assess whether so and eya are required for MF propagation, it was necessary to examine mutant discs in (Figure 2A ) that reproduces the in situ hybridization pattern (Blackman et al., 1991) . Weak Dac expression was which MF initiation occurs normally. This was accomplished using dpp-GAL4 to drive expression of UAS:so detected in so 1 and eya 2 discs ( Figure 2F ; data not and UAS:eya transgenes in the posterior and lateral regions of so 1 and eya 2 mutant discs, respectively. dpp-GAL4 drives expression in the posterior and lateral regions of the eye disc continuously from early second to late third instar ( Figure 3A) . Note that in contrast to dpplacZ, dpp-GAL4 is not expressed in the MF (compare Figure 3A to Figure 2A ; Chanut and Heberlein, 1997) . Development of eye tissue in the posterior and lateral regions but not the anterior region of so 1 and eya 2 discs was rescued by UAS:so and UAS:eya, respectively (Figures 3B and 3D ). The region rescued correlates well with the domain of dpp-GAL4 expression. Consistent with these findings, so 1 , so 3 , and eya clift1 mutant clones spanning the MF also fail to differentiate. These clones express ey, overproliferate, and do not express MF associated markers (Figure 3E -G; data not shown). Hence, both so and eya are required for MF propagation.
Since so and eya mutant clones generated in first instar exhibit an overgrowth phenotype, the lack of development in third instar may reflect this early role rather than a requirement for these genes during MF propagation. To assess the timing requirement for so and eya activity, these genes were transiently expressed in the anterior region of the so 1 and eya 2 mutant discs during second and early third instar. This was accomplished by using the E132-GAL4 driver (Halder et al., 1995; Pignoni and Zipursky, 1997) . In E132, GAL4 is expressed through most of the eye disc during the late-second and early-third instar stage (see inset in Figure 3H ). During third instar, Gal4 expression gradually becomes restricted to the region adjacent to the optic stalk ( Figure  3H ). Rescue was restricted to this most posterior region of the mutant discs ( Figures 3I and 3J) . Hence, expression anteriorly in early third instar is not sufficient to FLP expression and, hence, mitotic recombination bewere analyzed in sections of adult eyes. If every dividing tween FRT-containing chromosomes to regions postecell posterior to the MF were to undergo mitotic recomrior to the MF. The patterns of mitosis in the developing bination, about 25% of the R1, R6, and R7 cells would eye disc are highly regulated, with the precursors of R2, be homozygous mutant. For phyllopod, 7% (111/1542) R3, R4, R5, and R8 undergoing their final mitosis anterior of the R1, R6, and R7 cells were missing. Similarly, for to the MF, while the precursors of R1, R6, and R7 uneya clift1 and so3 some 9% (49/555) and 3% (45/1473) of dergo their final mitosis posterior to the MF (reviewed these cells were missing, respectively (Figure 4) . Variaby Wolff and Ready, 1993) . Thus, only precursors to R1, tion in the fraction of mutant cells affected by these R6, and R7 divide after the onset of FLP expression and mutations may reflect differences in recombination effihence are susceptible to mitotic recombination. Control ciency of different FRT chromosomes and/or in the perexperiments established that GMR-FLP drives mitotic durance of the wild-type gene products. These findings recombination in only those cells dividing posterior to are consistent with inhibition of R cell differentiation the MF; GMR-FLP-induced recombinants mutant for a induced by selective expression of a dominant negative gene required in R1, R6, and R7 (i.e., phyllopod,; Chang et al., 1995; Dickson et al., 1995) displayed the mutant form of so posterior to the MF (data not shown). In conclusion, both so and eya are required for neuronal 5D. Extensive growth alterations and scattered cells expressing both Elav and GMR-lacZ were seen in the wing development posterior to the MF.
In summary, detailed phenotypic analysis of so and and leg discs (data not shown). In the adult, an increase in the frequency and size of red pigmented patches eya establishes that these genes have indistinguishable mutant phenotypes in the developing eye (see Discuson wings and legs was observed. The striking synergy detected between So and Eya provides strong genetic sion) and are required at multiple steps in eye development.
evidence for a functional interaction between them. Ectopic so/eya induced ey expression in the antennal disc ( Figure 5E ). To assess whether ey was required for Ectopic Eye Development Is Induced ectopic eyes, so and eya were coexpressed in an ey by Coexpression of so and eya mutant background. Although growth alterations were The identical mutant phenotypes and expression patstill seen, ectopic eyes were not observed. Furthermore, terns of so and eya raised the possibility that these ectopic eye formation was sensitive to the dosage of ey proteins may function together. To test this hypotheshowing a reduction in an ey heterozygous background. sis, we assessed genetic interactions between them. This is consistent with the identification of loss-of-funcWhereas loss-of-function studies were uninformative tion alleles of ey as dominant suppressors of a weak so (see Experimental Procedures), ectopic expression studphenotype (F. P. and S. L. Z., unpublished data). These ies revealed a striking synergy. UAS:eya and UAS:so and other cross-regulatory interactions (see Discussion) were expressed alone or in combination under the conreported among early eye genes may be necessary for trol of dpp-GAL4 ( Figure 5 ). This driver promotes ey-or both ectopic and normal eye induction. dac-induced ectopic eyes in other imaginal discs (Shen and Mardon, 1997) . Ectopic so expression had little or no So and Eya Interact through Evolutionarily effect on antennal (0/63), wing, or leg disc development, Conserved Domains whereas ectopic eya expression often caused mild
The simplest explanation for the genetic results pregrowth alterations resulting in extra folds in the epithesented in the previous sections is that So and Eya funclium and, rarely, formation of small ectopic ommatidial tion requires their physical interaction. Interactions bearrays in the antennal disc (2%; 2/89). In adult flies,
tween So and Eya were tested in yeast and in vitro. ectopic eya often induced very small patches of red Various combinations of LexA DNA-binding domains pigment cells on the antennae, wings, and legs. We and GAL4 activation domains fused to So and Eya prohave observed considerable variation in the efficiency tein fragments were tested for interactions in a yeast of ectopic eye induction with different UAS responder two-hybrid system ( Figure 6A and 6B). Full-length Eya lines expressing the same gene (e.g., ey, eya, or dac) fused to LexA showed strong transcriptional activation and different dpp-GAL4 lines. The conditions used in of the lacZ reporter gene on its own. The sequences these experiments induce eye development at a low responsible for this activation were localized to the frequency, allowing us to better assess synergy between N-terminal domain of Eya (amino acids 1-483; data not genes.
shown; Xu et al., 1997b) . The C-terminal Eya domain Coexpression of so and eya led to a dramatic increase fused to the LexA DNA-binding domain (LexA-EyaD) did in the development of ectopic eye tissue in antennal not activate transcription on its own. However, it did discs (76%; 58/76) as assessed with the neuron-specific activate transcription through its interaction with fullanti-Elav antibody and the eye-specific reporter GMRlength So fused to the Gal4 activation domain. Further lacZ (Figures 5A and 5B ). That these ommatidial arrays deletion studies of So localized the interacting region to the Six domain ( Figure 6B ). lead to adult eye structures is shown in Figures 5C and labeled proteins ( Figure 6C ; see Experimental Procedures). Hence, Eya and So interact directly through the evolutionarily conserved Eya and Six domains.
Discussion
In this paper we have presented a detailed study of so and eya function during eye development. We demonstrated that: (1) so and eya regulate multiple steps in eye development and display indistinguishable mutant phenotypes; (2) so and eya show marked synergy in inducing ectopic eye tissue; (3) ectopic eye induction by so and eya is ey-dependent; (4) So and Eya physically interact in yeast and in vitro; and (5) eye-specification genes are linked by multiple cross-regulatory interactions.
These results and those of Mardon and coworkers (Shen and Mardon, 1997; Chen et al., 1997) suggest an alternative view of eye specification from that proposed by Gehring and colleagues (Halder et al., 1995) . In their model, ey is the master control gene for eye morphogenesis and functions as a genetic switch to specify eye tissue: ey occupies a position at the top of a genetic cascade inducing the expression of a subordinate set of regulatory genes controlling different aspects of eye morphogenesis. This model was based on the ability of ey to induce ectopic eyes in other imaginal discs, its to an evolutionarily conserved eye-specification program as originally proposed for ey/Pax-6 by Gehring To assess whether the yeast interaction data reflected and colleagues. direct binding between So and Eya, the ability of these proteins to interact in vitro was tested. Eya and So were labeled with 35 S-methionine using an in vitro transcripSo and Eya Form a Complex and Function at Multiple Steps in Eye Development tion/translation reaction. Labeled products were then absorbed to either GST fused to a fragment of So conBased on genetic and molecular studies, we propose that So and Eya form a transcription factor complex; So taining the Six and homeobox domains (GST-SixϩHD) or to the Eya domain (GST-EyaD) immobilized on glutabinds to specific cis-acting regulatory sites through the Six-and homeo-domains (Kawakami et al. 1996a ) and thione agarose. Following extensive washing, bound proteins were eluted and analyzed by SDS-PAGE, folthe N terminus of Eya provides a transcriptional activation function. The domains mediating the interaction lowed by autoradiography. GST-SixϩHD bound Eya and GST-EyaD bound So ( Figure 6C ). As negative controls, between these two proteins map to the evolutionarily conserved Six and Eya domains. That this interaction GST-SixϩHD and GST-EyaD did not interact with other Figure 7 . Regulation of Eye-Specification Genes (A) A network of genes specifies eye tissue identity. The solid and dashed arrows indicate genetic interactions inferred from loss-and gainof-function studies, respectively (this paper; Halder et al., 1995; Chen et al., 1997; Shen and Mardon, 1997; and G. Mardon, personal communication) . The relationships between these genes are based on the following evidence: (1) ey is expressed in so, eya, or dac mutant tissue; (2) normal levels of dac require both so and eya, whereas dac is not required for so or eya expression; (3) although eya is required for initiation of so expression and so is not required for eya, both so and eya cross-regulate to maintain their expression (Pignoni and Zipursky, unpublished data); (4) ectopic expression of eya, so/eya, or dac leads to induction of all other genes including ey; and (5) induction of ectopic eye tissue requires the activities of all four genes. (B) A model for ectopic eye induction by Eya and So. We consider the simplified view of a control region of a hypothetical eye-specification gene in the antennal disc. In a normal antennal disc, one site is occupied by factor X (either a specific or general transcription factor), which on its own does not support transcription. The ectopic expression of Eya and So leads to the following results: (a) Binding of So alone is not sufficient to induce expression. (b) X can recruit ectopic Eya. This provides relatively weak gene induction through the Eya activation domain. (c) Eya is recruited both by X and So bound to multiple sites. The multiplicity of Eya binding sites leads to synergistic transcriptional activation. This model can be modified to incorporate the ability of Ey and Dac expression to induce ectopic eyes and for Eya to synergize with Dac (see text and Chen et al., 1997) . For simplicity, the model emphasizes synergy at the level of transcriptional activation. Other mechanisms such as cooperative binding of proteins and protein complexes to promoters may also contribute to synergy between eye-specification factors. A model for the function of So/Eya and Dac in regulating the expression of genes during normal development is presented by Chen et al. (1997). may be of functional consequence in mammals is sugbinds to Eya but does not have a known DNA-binding domain. dac displays a subset of so and eya mutant gested by the extensive overlap in expression pattern of the Six and Eya genes during mouse embryogenesis phenotypes in both initiation and neuronal development, but is not required for MF propagation. Studies of Chen (Xu et al., 1997a) . This has led to the view that different combinations of Six and Eya genes control the developet al. (1997) suggest a model in which Dac is recruited to regulatory regions of MF-initiation-specific promoters ment of diverse tissues (Xu et al., 1997a) . Our data raise the intriguing notion that functional diversity may reflect through interactions with other protein complexes and modulates the activity of So/Eya complexes bound to distinct activities of different Six/Eya complexes.
So and Eya regulate multiple steps in eye developdifferent sequences within the promoter/enhancer region. Dac may also function in this manner in a subset ment. They may be required continuously to control the expression of a set of genes which, in turn, regulate of steps in which Eya and So function during subsequent neuronal development. Thus, we propose that the funcdifferent aspects of eye development. However, we favor an alternative view wherein the So/Eya complex dition of So/Eya bound to specific DNA sequences is modulated at different stages of eye development by rectly controls different steps in the developmental program in combination with different transcriptional combinations of proteins bound to other regulatory sequences, the interactions between them and the So/Eya regulators. Two proteins that may function in combination with So/Eya are Mad and Dac. Mad encodes a DNAcomplex, or both. Although we propose that Eya and So function as a binding transcription factor in the dpp pathway and Mad mutations exhibit a similar MF-initiation phenotype to complex during eye development, So and Eya are not obligate partners during development of other tissues. so and eya (Kim et al., 1997; Wiersdorff et al., 1996) . In contrast to eya and so, however, Mad is not required They are expressed in different patterns in the embryo and have different embryonic mutant phenotypes (Cheyfor either MF propagation or neuronal development. Mad and So/Eya may directly bind to different seette et al., 1994; V. Hartenstein, personal communication eye, in addition to the activities associated with the So/ the dpp-lacZ BS3.0 construct (Blackman et al., 1991) , the neuronal Eya complex.
antigen Elav (Robinow and White, 1991) or the Dac protein . In assessing the expression of Elav or Dac, we also to ectopic eye induction? This reflects the extensive on discs suspended in a droplet of mountant prior to placing of the cross-regulatory interactions between eye-specification coverslip. In most cases, the precise clonal boundaries were difficult genes ( Figure 7A ). These genes, alone or in combinato follow in these preparations. Hence, while we can conclude that tion, induce transcription of the other eye-specification mutant tissue fails to develop, we cannot exclude the possibility that surrounding wild-type tissue may also be affected in a nonaugenes, all of which are then required for ectopic eye tonomous fashion. Mutant cells posterior to the MF were generated development (this paper; data not shown; Chen et , 1994) , and 22C10 MAb (Fujita et al., 1982) . so (Cheyette The data presented in this paper and those and eya type I (Bonini et al., 1993) cDNAs were used and colleagues Shen and Mardon, as templates to produce digoxygenin-labeled RNA probes. SEM 1997) establish that, whereas initiation of eye-specificaand plastic eye sections were carried out as previously described tion gene expression occurs in a largely linear fashion (Cheyette et al., 1994) .
(see Figure 7A ), all eye-specification genes are linked in a regulatory network encompassing controls at the Yeast Two-Hybrid Assay A variation of the yeast two-hybrid assay was used in which one levels of transcription and protein-protein interactions.
protein was fused to the DNA-binding domain of E. coli LexA (in We propose that it is this network that "locks in" the vector pBTM116) and the other protein to the transcription activaeye-specification program. Since all eye-specification tion domain of yeast Gal4 (in vector pGAD424) (Bartel and Fields, genes identified so far also function in other tissues, it 1995). Yeast strain L40 (MATa his3⌬200, 112 ade2 is the unique combination of eye-specification genes LYS::(LexAop) 4 -HIS3 URA::(LexAop) 8 -LacZ) (Hollenberg et al., 1995) that confers eye identity.
was used in all experiments. Cotransformants with the two fusion plasmids were selected on trp Ϫ , leu Ϫ , ura Ϫ , and lys Ϫ plates. Interaction between fusion proteins activates lacZ expression. Liquid Experimental Procedures ␤-galactosidase assays were performed as described (Bartel and Fields, 1995) . ␤-galactosidase activity (in Miller units) was calculated Genetics as follows: A420 ϫ 1000/OD600 of the cell culture ϫ the culture For description of so and eya mutants see Cheyette et al. (1994) volume (ml) ϫ reaction time (min). Values shown are averaged from and Bonini et al. (1993) , respectively. For other mutations see Lindassays on cultures of at least three independent transformants. sley and Zimm (1992 . For the For in vitro binding, 20 l of reticulocyte translate (Promega) was misexpression experiments, so (Cheyette et al., 1994) and type II added to 0.5 ml binding buffer , 100 eya (Bonini, et al., 1993) cDNAs were cloned into the pUAST transformM NaCl, 0.05% NP-40, 2.5 mM MgCl 2, 0.1 mM EDTA, 1 mM DTT, mation vectors. The dpp-GAL4 line used was obtained from the 100 g/ml BSA, 10% glycerol) with 30 l glutathione-agarose conBloomington Stock Center. dpp-GAL4/UAS:so-UAS:eya flies were taining 1-2 g of bound GST, GST-SixϩH, or GST-EyaD, and rotated unable to eclose and were dissected out of the pupal case. To test for 2 hr at 4ЊC. The beads were washed five times with 0.5 ml the induction of ectopic eyes in a mutant background, we used the of PBS before electrophoresis and autoradiography. GST-fusion ey 2 and so 1 alleles. Patches of red pigment cells could be observed proteins were prepared as described in Smith (1983 
